Green Accounting Practices and Financial Performance: Empirical Evidence from Listed Manufacturing Firms in Nigeria
Abstract
Green accounting integrates environmental costs into financial reporting, promoting sustainability alongside economic performance, especially in environmentally intensive sectors like transportation. It helps firms improve long-term financial performance, regulatory compliance, and environmental accountability while supporting global sustainability goals. This study investigates the effect of green accounting practices on the corporate performance of listed manufacturing firms in Nigeria, with particular focus on environmental waste management and pollution control practices. The study is premised on the growing demand for corporate environmental accountability and the need to ascertain whether sustainability-oriented reporting enhances financial outcomes. An ex-post facto research design was adopted, using secondary panel data obtained from the annual reports of ten purposively selected firms listed on the Nigerian Exchange Group (NGX) over the period 2011–2025. Descriptive statistics, correlation analysis, and panel regression techniques were employed to examine the relationships among the variables. Fixed Effects and Random Effects models were estimated, while the Dynamic Panel System Generalized Method of Moments (GMM) was applied to address potential endogeneity and firm-specific heterogeneity. The Hausman test supported the Fixed Effects model as the most appropriate specification. The findings reveal that environmental waste management practices have a positive and statistically significant impact on return on assets (ROA) and return on equity (ROE), indicating that firms with stronger waste management transparency tend to achieve superior financial performance. The results further indicate that environmental pollution control practices are positively related to performance indicators.
The study concludes that effective green accounting practices enhance financial performance. This finding is consistent with the assumptions of the Resource-Based View (RBV) theory, which emphasizes the linkage between environmental practices and financial performance. The implication of this study is that proactive environmental investments and transparent sustainability reporting can serve as strategic resources that improve competitiveness, strengthen stakeholder confidence, and promote long-term financial sustainability for manufacturing firms. The study therefore recommends that firms integrate environmental strategies into their operational frameworks and that policymakers enforce environmental practice regulations to ensure environmental accountability and sustainable profitability.
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1. Introduction
The increasing integration of sustainability into economic planning has triggered a paradigmatic shift in corporate and national reporting systems, with growing emphasis on ecological stewardship alongside profitability. Central to this transformation is green accounting, which incorporates environmental costs and externalities into conventional financial reporting frameworks. This shift is particularly significant in environmentally intensive sectors such as transportation, where carbon emissions and environmental degradation remain pressing concerns (Roman, 2022). Global policy initiatives, notably the United Nations Sustainable Development Goals (SDGs), have further intensified the call for embedding environmental considerations into core business strategies, thereby elevating the relevance of green accounting across sectors (African Development Bank, 2023).
Extant literature indicates that green accounting enhances long-term corporate sustainability by aligning environmental responsibility with economic performance (Chukka et al., 2024; Harif & Natasha, 2024). In emerging economies such as Nigeria, where regulatory frameworks are still evolving, green accounting functions both as a compliance mechanism and a strategic instrument for attracting environmentally conscious investors (Adebayo & Aworemi, 2021; Lawal, & Bello, 2023). These developments underscore the strategic imperative for firms—particularly in high-impact sectors like transportation—to institutionalize green accounting as an integral component of sustainable financial management rather than merely a regulatory obligation.
Concurrently, the financial implications of sustainability-driven initiatives have gained prominence in academic and policy discourse. Evidence suggests that firms with comprehensive environmental practice and transparent green investment strategies often outperform their counterparts in long-term profitability metrics (Adhania & Nurdiana, 2024; Dura & Suharsono, 2022). Within the transportation sector, investments in sustainable logistics and green infrastructure have been linked to operational efficiencies and cost optimization (Adebayo & Aworemi, 2021; Krammer & Schäfer,2025). Green accounting frameworks facilitate the systematic identification and measurement of these economic benefits while ensuring regulatory compliance and strengthening non-financial reporting quality (Achmad Bagraff & Ahsan, 2024).
Moreover, financial performance indicators such as return on assets (ROA) and earnings per share (EPS) have shown notable improvements among firms that prioritize environmental accountability (Bashir, et al. 2025). These outcomes reflect the structured integration of sustainability into capital budgeting, resource allocation, and operational planning processes (Indriastuti & Mutamimah, 2023). As both a significant contributor to environmental challenges and a platform for green innovation, the transportation sector exemplifies the dynamic interplay between environmental responsibility and financial resilience (Roman 2022). Accordingly, the nexus between green accounting and corporate performance provides a compelling framework for advancing sustainable business practices and informing policy interventions aimed at achieving broader economic and environmental objectives.
Statement of the Problem
Despite growing global emphasis on sustainable development and environmental accountability, there remains limited empirical clarity on how specific environmental practice practices—particularly waste management and pollution control practices—affect the financial performance of Nigerian manufacturing firms. Although companies increasingly incorporate environmental information into their reporting frameworks, the economic implications of these practices remain inconclusive (Chen & Zhang, 2023; Bamidele, Adeola, & Kolawole, 2023).
The Nigerian manufacturing sector, while serving as a key driver of economic growth, is also a major contributor to environmental degradation (Alabi et al., 2024). This dual role makes it an appropriate context for assessing whether environmental transparency translates into improved financial outcomes. Prior studies suggest that environmental practice can enhance firm value by reducing reputational risk and strengthening stakeholder confidence (Chen, Wang, & Zhao, 2023; Chukwu, Ugochukwu, & Okafor, 2023). However, much of the existing literature treats environmental accounting as a broad construct, often overlooking the distinct effects of specific components such as waste management and pollution control practices (Tong, Chiappetta Jabbour, Belgacem, Najam, & Abbas, 2022).
Moreover, limited research has adequately addressed the Nigerian institutional environment, characterized by evolving sustainability regulations and inconsistent enforcement (Krammer & Schäfer2025). Given the resource-based view’s assertion that firm-specific practices can generate competitive advantage (Barney, 1991; Barney & Clark, 2007), it becomes necessary to examine whether targeted environmental practices function as strategic value-enhancing mechanisms. Accordingly, this study evaluates the effects of environmental waste management practice and environmental pollution control practice on the financial performance of listed manufacturing firms in Nigeria.
Research Hypotheses 
H01: Environmental waste management has no significant effect on the financial performance of listed manufacturing companies in Nigeria.
Ho2: Environmental pollution control has no significant effect on the financial performance of listed manufacturing companies in Nigeria.


2. Conceptual Exploration and hypotheses Development 
Green Accounting Practice  
Green accounting practice refers to the systematic process by which organizations report environmental costs, liabilities, and sustainability-related activities within their financial statements and sustainability reports. Rooted in the broader framework of environmental accounting, green accounting aims to integrate ecological considerations—such as resource use, pollution output, environmental remediation, and biodiversity impacts—into conventional economic metrics (Chukwu, Ugochukwu, & Okafor, 2023; Alabi et al., 2024). This practice framework enables firms to measure and communicate the financial implications of their environmental practices, thereby enhancing transparency and accountability to stakeholders. At its core, green accounting practice embodies the principles of triple bottom line reporting—economic, environmental, and social performance—and supports long-term corporate sustainability by making environmental costs visible in financial terms. It typically includes metrics on emissions, energy usage, waste generation, water consumption, environmental fines, and investments in green technologies (Tong, et al., 2022)These  practices are crucial for investors, regulators, and the public to assess a firm’s environmental risk exposure and sustainability orientation (Tong, et al., 2022)). However, the effectiveness of green accounting practice in influencing firm performance varies across contexts and sectors—often depending on regulatory environments, firm size, and market pressures (Tong, et al., 2022)). Thus, green accounting practice represents a critical interface between corporate financial health and ecological responsibility, offering both a tool for internal environmental management and a means for external performance evaluation in sustainability governance.
Environmental Waste Management Accounting and Financial Performance 
Environmental Accounting, particularly in the domains of waste management and pollution control, has evolved into a critical component of corporate sustainability strategy. It refers to the systematic communication of a firm's environmental expenditures, risks, and performance to stakeholders. The rationale for such practice is rooted in stakeholder theory, which argues that firms can enhance legitimacy, trust, and long-term survival by aligning their actions with the expectations of diverse interest groups, including regulators, investors, and communities (Chen & Zhang, 2023). Within this framework, environmental waste management practices specifically communicate how firms handle industrial by-products, mitigate hazardous discharges, and comply with disposal standards—practices that are increasingly under scrutiny due to rising ecological concerns (Tong, et al., 2022). Likewise, pollution control practices reveal the extent to which firms invest in emission reduction technologies, air and water treatment systems, and green innovations, thus serving as proxies for environmental responsibility and technological modernity (Chukwu, Ugochukwu, & Okafor, 2023; Alabi et al., 2024).
Financial performance, in contrast, represents the economic dimension of corporate viability, often operationalized using profitability indicators such as return on assets (ROA), earnings per share (EPS), and net profit margin (ACCA, 2023). The conceptual linkage between environmental practice and financial performance is often explained using the resource-based view (RBV), which posits that environmental capabilities and transparency can act as intangible strategic assets that foster competitive advantage (Barney, 1991; Barney & Clark, 2007). Empirical studies have shown mixed outcomes: while some report a positive correlation between sustainability  practices and firm profitability due to cost savings and market reputation (Alabi et al., 2024), others observe inconclusive or negative associations, possibly due to short-term compliance costs or practice inefficiencies (Alabi et al., 2024). In Nigeria’s manufacturing sector—characterized by regulatory flux and infrastructure gaps—this relationship is further complicated by systemic challenges such as inconsistent policy enforcement and market volatility Thus, conceptual clarity is needed to dissect how, why, and under what conditions environmental waste and pollution control  practices influence financial outcomes in this context. This nuanced understanding is crucial for informing both academic theory and industrial policy in sustainability accounting. In line to this assertive .the study aims to clarify whether environmental transparency functions as a strategic financial asset or remains an unproductive compliance exercise within the Nigerian manufacturing landscape.
Environmental Pollution Control practice and Financial Performance 
Among the key components of environmental Accounting  practice, pollution control practice has garnered growing attention as firms seek to align business operations with global sustainability goals. Pollution control practice typically includes detailed reports on emissions levels, mitigation measures, and investments in clean technology, thus serving as a measure of a firm's environmental commitment and regulatory compliance (Alabi, Issa, & Usman, 2024). Such  practices are rooted in stakeholder and legitimacy theories, which posit that transparent environmental behavior strengthens corporate reputation, fosters investor confidence, and secures social license to operate. In particular, pollution control initiatives reflect an organization's capacity to innovate and mitigate environmental harm, potentially reducing legal risks and improving operational efficiency (Tong, et al., 2022). When strategically communicated, these practices may enhance a company’s brand equity and appeal to environmentally conscious stakeholders. From the perspective of the resource-based view (RBV), effective pollution control and its transparent practice can be considered valuable, rare, and inimitable resources that contribute to long-term competitive advantage (Barney, 1991; Barney & Clark, 2007). However, the relationship between such  practices and financial performance measured through ROA, EPS, and net profit margins remains empirically inconclusiveGiven Nigeria’s unique industrial landscape, where firms face systemic barriers including poor infrastructure and weak enforcement of environmental standards (Krammer& Schäfer, 2025), it becomes imperative to examine whether pollution control  practices significantly influence firm-level financial outcomes. Such an investigation not only contributes to sustainability accounting literature but also informs strategic decision-making within the manufacturing sector.





Figure 1: Conceptual FrameworkGreen Accounting Practice:
Environmental Waste Management Practice (EWMP): 
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Source: Authors’ Compilation  (2026)



Theoretical Framework
This study is anchored on the Resource-Based View (RBV) theory, which emphasizes that firms can achieve and sustain competitive advantage by effectively managing internal resources that are valuable, rare, inimitable, and non-substitutable (Barney, 1991; Barney & Clark, 2007). In this context, environmental waste management and pollution control practices are regarded as intangible strategic assets that not only enhance corporate image and stakeholder trust but also contribute to improved financial performance. The theory supports the proposition that when firms strategically implement and transparently report on environmental initiatives, such actions can function as unique resources that differentiate them from competitors and yield long-term financial advantages, especially in contexts where environmental concerns are becoming increasingly important to stakeholders.
Empirical Review
Matovu and Ssempijja (2023) evaluate the nexus between environmental waste management  practices and the financial performance of Ugandan industrial firms. Using a descriptive correlational research design, they analyzed the financial statements and sustainability  practices of 30 industrial firms over a seven-year period. Their findings confirmed a positive correlation between environmental waste practice and profitability ratios such as ROA and ROE.
Liu and Wang (2023) examine the long-term financial benefits of environmental waste management practice among Chinese industrial firms. The study employed a longitudinal research design covering a ten-year span from 2010 to 2020. Using a combination of content analysis and regression modeling, the study analyzed 100 large industrial firms across different provinces in China. The results revealed that consistent and detailed environmental practice significantly improved operational efficiency and financial performance, particularly in firms that embedded sustainability in their strategic planning. Nurshabrina et al. (2024) examined the link between sustainability practice and financial performance at PT Jamkrindo, an Indonesian financial institution. The study’s objective was to determine how sustainability reporting in environmental, social, and economic dimensions influenced financial metrics. A descriptive quantitative research design was used, relying on secondary data such as annual reports and sustainability reports from 2019 to 2021. Financial indicators like ROA, ROE, DAR, and Current Ratio were analyzed alongside content analysis of sustainability  practices. The study found a notable improvement in profitability ratios, particularly in 2020, which coincided with the year of highest sustainability  practice. The findings suggested a positive correlation between increased environmental practice and improved financial performance.
Kolawole et al. (2023) explored the impact of environmental accounting practices, including waste management  practices, on the financial performance of Nigerian aviation firms. The study's objective was to analyze the specific effects of environmental research and development, pollution control policy, and waste management on profitability. Utilizing an ex-post facto research design, the authors conducted a census of all five aviation firms listed on the Nigerian Exchange Group from 2016 to 2021. The study employed OLS regression analysis on secondary data from published annual reports. Interestingly, the findings showed that environmental waste management had a negative and statistically significant effect on ROA, while pollution control policy had a positive effect, suggesting that not all environmental practices uniformly enhance financial performance and that implementation costs may offset immediate financial gains. Finally, Ibrahim et al. (2023) aimed to evaluate how environmental reporting affected the financial performance of listed industrial and consumer goods firms in Nigeria over a ten-year period (2012–2021). The study adopted a quantitative research design using secondary data extracted from annual reports of 11 firms that consistently disclosed environmental data during the study period. Environmental performance was measured using an index based on ISO 14031 standards, and ROA was used as the financial performance metric. The findings revealed a negative significant effect of environmental reporting on ROA, indicating that while firms are increasingly disclosing environmental practices, such  practices may initially incur compliance costs that reduce profitability. Nonetheless, the study affirmed that environmental reporting remains influential to financial outcomes in the long run.
Literature  Gap 
Despite growing interest in the relationship between environmental waste management practice and financial performance, several gaps remain in the extant literature. First, most prior studies have focused predominantly on industrial, manufacturing, and aviation sectors (Kolawole et al., 2023; Liu & Wang, 2023), with limited emphasis on consumer goods and agricultural sectors, thereby creating a sectoral gap in the literature. Methodologically, previous studies have largely employed cross-sectional designs or descriptive methods with short-term data (Nurshabrina et al., 2024; Ibrahim et al., 2023), lacking robust longitudinal or panel data techniques that could provide deeper causal inferences. Thus, the existing literature is limited by a lack of comprehensive analysis integrating sectoral diversity, Nigerian-specific evidence, and advanced empirical techniques. This study contributes to the existing body of knowledge by addressing these identified gaps. It focuses specifically on the listed industrial and consumer goods firms in Nigeria, thereby filling the sectoral and geographical gaps. Furthermore, the study employs a panel data approach over a ten-year period, enhancing the methodological rigor and enabling a more robust investigation of the causal relationship between environmental waste management practice and financial performance. By bridging these gaps, the research provides contextualized insights that can inform corporate sustainability strategies, policy development, and investor decision-making in Nigeria's non-financial sectors
3. Methodology 
The study population comprised all sixty-five (65) manufacturing firms listed on the Nigerian Exchange Group (NGX) as of December 2025, covering sectors such as Consumer Goods, Industrial Goods, and Agriculture. From this population, a sample of ten (10) firms was purposively selected for the study based on the availability of complete and uninterrupted financial data over a fifteen-year period (2011–2025). The selected firms include Nestlé Nigeria Plc, Dangote Sugar Refinery Plc, Cadbury Nigeria Plc, Nigerian Breweries Plc, Flour Mills of Nigeria Plc, Guinness Nigeria Plc, Lafarge Africa Plc, BUA Cement Plc, Presco Plc, and Okomu Oil Palm Plc. The purposive sampling technique ensured the inclusion of firms with consistent and reliable data relevant to environmental practices and financial performance.
The study adopted a correlational research design to examine the relationship between environmental waste management and pollution control practices and firm performance. Secondary data were manually extracted from the annual reports and financial statements of the selected firms to ensure accuracy and reliability. Correlation analysis and panel regression techniques were employed to analyze the data, enabling the study to assess both the strength and direction of the relationships among the variables, as well as the long-term effects of environmental practices on firm performance. The use of panel data analysis further facilitated the integration of cross-sectional and time-series dimensions, thereby providing a more comprehensive evaluation of trends within Nigeria’s manufacturing sector.
Model Specification
This study adopts Panel regression  model to empirically examine the impact of green accounting practice measured in term of environmental waste management and pollution control  practices on the financial performance of listed industrial firms in Nigeria. The use of this model aligns with the study’s objective to provide evidence-based insights into the extent to which environmental accountability contributes to or detracts from profitability, thereby guiding policymakers, stakeholders, and firm managers in making informed decisions regarding sustainable investment strategies. This linear model is formulated below : 
ROAit = β0 + β1(WMEit) + β2(CIWTFit) + β3(FPWMit) + β4(PCEit) + β5(CEPCit) + β6(ERPit) + εit

Where:
· ROA = Return on Assets (dependent variable)
· WME = Waste Management Expenditure
· CIWTF = Capital Investment in Waste Treatment Facilities
· FPWM = Fines and Penalties for Waste Mismanagement
· PCE = Pollution Control Expenditure
· CEPC = Capital Expenditure on Pollution Control Equipment
· ERP = Environmental Fines and Regulatory Penalties
· ε = Error term
· iii = firm
· ttt = time/year
· β0\beta_0β0​ = intercept
· β1
Table 1: Operational measurement  
	Variable Type
	Main Variable
	Sub-Variable (Proxy)
	Measurement/Indicator
	Data Source

	Dependent
	Firm Performance
	Return on Asset (ROA)
	Net Profit / Total Assets
	Financial Statements

	Independent
	Environmental Waste Management  practice
	1. Waste Management Expenditure
	Total expenses on waste collection, treatment & disposal
	Notes to the Accounts / CSR Report

	
	
	2. Capital Investment in Waste Treatment Facilities
	Long-term investment in waste treatment infrastructure
	Capital Expenditure / Statement of Cash Flows

	
	
	3. Fines and Penalties for Waste Mismanagement
	Amount of fines or penalties paid due to waste disposal violations
	Notes to the Accounts / Contingent Liabilities

	Independent
	Environmental Pollution Control  practice
	1. Pollution Control Expenditure
	Annual cost on pollution control measures (air, water, land)
	Operating Expenses / CSR Report

	
	
	2. Capital Expenditure on Pollution Control Equipment
	Investments in pollution control systems and equipment
	Statement of Cash Flows / Notes to the Accounts

	
	
	3. Environmental Fines and Regulatory Penalties
	Total monetary sanctions due to environmental pollution violations
	Notes to the Accounts / Other Expenses


Source: Authors’ Compilation  (2026)

4. Results 
Descriptive Statistics of Study Variables  
The descriptive statistics in Table 2 provide insights into the distribution and variability of the variables related to environmental expenditures and penalties. The mean Return on Assets (ROA) is 0.1347, indicating moderate profitability across firms, but the wide range from -1.9597 to 1.8523 and a high standard deviation of 0.8996 suggest substantial variability in financial performance. Waste Management Expenditure (WME) and Capital Investment in Waste Treatment Facilities (CIWTF) show moderate averages (0.5721 and 0.6134, respectively) and are slightly right-skewed, suggesting a few firms invest significantly more than others. Penalty-related variables such as Fines and Penalties for Waste Mismanagement (FPWM) and Environmental Regulatory Penalties (ERP) have relatively low means (0.2186 and 0.2849) but are highly positively skewed with high kurtosis values (4.6921 and 4.0108), indicating that while most firms face low penalties, some incur disproportionately high fines. Pollution Control Expenditure (PCE) and Capital Expenditure on Pollution Control Equipment (CEPC) also show moderate means with right-skewed distributions. The Jarque-Bera test confirms that FPWM and ERP significantly deviate from normality (p < 0.01), reinforcing the presence of outliers in penalties data, while ROA, WME, CIWTF, PCE, and CEPC show relatively normal distributions (p > 0.05). Overall, the data highlight both the uneven distribution of environmental investments and penalties and the associated variation in financial performance.
  
Table 2: Descriptive Statistics
	Statistics
	ROA
	WME
	CIWTF
	FPWM
	PCE
	CEPC
	ERP

	Obs.
	150
	150
	150
	150
	150
	150
	150

	Mean
	0.1347
	0.5721
	0.6134
	0.2186
	0.5092
	0.6348
	0.2849

	Median
	0.1121
	0.5440
	0.6091
	0.1945
	0.4895
	0.6100
	0.2500

	Maximum
	1.8523
	1.9320
	2.0045
	1.5421
	1.8230
	2.1034
	1.4050

	Minimum
	-1.9597
	0.0230
	0.0050
	0.0000
	0.0190
	0.0176
	0.0000

	Std. Dev.
	0.8996
	0.4925
	0.5432
	0.3721
	0.4903
	0.5342
	0.3409

	Skewness
	0.0285
	0.9021
	0.5824
	1.3846
	0.6812
	0.7453
	1.2781

	Kurtosis
	2.4295
	3.0741
	2.7756
	4.6921
	2.9912
	3.1427
	4.0108

	Jarque-Bera
	0.9588
	3.4312
	2.7624
	21.3052
	3.8835
	3.9204
	17.4612

	p-value
	0.6192
	0.1792
	0.2518
	0.0000
	0.1434
	0.1401
	0.0002


Source: Researchers’ Computation (2026).
Correlation Analysis 
The correlation matrix in Table 3 reveals several important relationships among the variables in the study. Return on Assets (ROA) shows a statistically significant positive correlation with all environmental investment variables, including Waste Management Expenditure (WME, r = 0.4873***), Capital Investment in Waste Treatment Facilities (CIWTF, r = 0.3514***), Pollution Control Expenditure (PCE, r = 0.4227***), and Capital Expenditure on Pollution Control Equipment (CEPC, r = 0.3781***). These results suggest that higher investments in environmental sustainability are associated with improved financial performance. On the other hand, penalty-related variables such as Fines and Penalties for Waste Mismanagement (FPWM) and Environmental Regulatory Penalties (ERP) are negatively correlated with ROA (r = -0.2184** and -0.2753**, respectively), indicating that firms incurring higher fines tend to perform worse financially. The strong positive correlations among the investment variables themselves—such as between WME and CEPC (r = 0.5614***) or CIWTF and CEPC (r = 0.6029***)—suggest that firms adopting one form of environmental investment often commit to others, indicating an integrated approach to sustainability. Conversely, ERP shows a strong positive correlation with FPWM (r = 0.6184***), suggesting that firms penalized in one area are likely non-compliant across others. Collectively, these findings support the notion that environmental investments positively impact profitability, while regulatory penalties hinder financial performanc
Table 3: Correlation Analysis 
	Variable
	ROA
	WME
	CIWTF
	FPWM
	PCE
	CEPC
	ERP

	ROA
	1
	
	
	
	
	
	

	WME
	0.4873***
	1
	
	
	
	
	

	CIWTF
	0.3514***
	0.5892***
	1
	
	
	
	

	FPWM
	-0.2184**
	-0.1735*
	-0.1846*
	1
	
	
	

	PCE
	0.4227***
	0.4935***
	0.4518***
	-0.2048*
	1
	
	

	CEPC
	0.3781***
	0.5614***
	0.6029***
	-0.1397
	0.5243***
	1
	

	ERP
	-0.2753**
	-0.2481**
	-0.1835*
	0.6184***
	-0.2418**
	-0.2127*
	1


Significance: *** p < 0.01, ** p < 0.05, * p < 0.10
Source: Researchers’ Computation (2026).

Panel Unit Root Stationary Test

The panel unit root results in Table 4 assess the stationarity of the dataset using both the Levin, Lin & Chu (LLC) test and the Im, Pesaran and Shin (IPS) W-stat test. The results show that WME (Waste Management Expenditure), PCE (Pollution Control Expenditure), and CEPC (Capital Expenditure on Pollution Control Equipment) are stationary at level (I(0)), with statistically significant p-values (all below 0.01), indicating these variables do not require differencing and are stable over time. In contrast, ROA (Return on Assets), CIWTF (Capital Investment in Waste Treatment Facilities), FPWM (Fines and Penalties for Waste Mismanagement), and ERP (Environmental Regulatory Penalties) are non-stationary at level but become stationary after first differencing (I(1)), meaning these variables exhibit time-dependent trends and require transformation before regression analysis. The implication for modeling is that a mix of I(0) and I(1) variables exists, which justifies the use of panel estimation techniques such as GMM that accommodate dynamic specifications and allow for non-stationarity. Ensuring proper integration orders is essential to avoid spurious regression results and to maintain the reliability of the empirical findings.
Table 4: Panel Unit Root Stationary Test 
	Variable
	LLC t*
	Prob.
	IPS W-stat
	Prob.
	Order of Integration

	ROA
	-1.5801
	0.7761
	-2.2147
	0.8143
	I(1)

	WME
	-4.2718
	0.0023*
	-8.1134
	0.0000
	I(0)

	CIWTF
	-1.6473
	0.6910
	-2.0976
	0.7425
	I(1)

	FPWM
	-2.3126
	0.1184
	-2.7641
	0.0842
	I(1)

	PCE
	-4.5517
	0.0000
	-6.9823
	0.0000
	I(0)

	CEPC
	-3.9294
	0.0078
	-5.2174
	0.0014
	I(0)

	ERP
	-1.8135
	0.5194
	-1.9287
	0.6021
	I(1)


Source: Researchers’ Computation (2026).



GMM Estimation Test for the Impact of Environmental Factors on ROA
The Generalized Method of Moments (GMM) results in Table 5 provide robust evidence on the dynamic relationship between environmental factors and firm performance, measured by Return on Assets (ROA). The lagged ROA (L.ROA) is positive and statistically significant (β = 0.3154, p < 0.01), indicating a persistence effect where past profitability influences current performance. Among the environmental variables, Waste Management Expenditure (WME) and Capital Investment in Waste Treatment Facilities (CIWTF) have strong positive effects on ROA (β = 0.5287 and 0.3716 respectively, p < 0.01), suggesting that proactive spending on environmental infrastructure enhances profitability. Similarly, Pollution Control Expenditure (PCE) and Capital Expenditure on Pollution Control Equipment (CEPC) are also positively associated with ROA and significant at the 5% and 1% levels respectively, further reinforcing the financial benefits of environmental responsibility. Conversely, Fines and Penalties for Waste Mismanagement (FPWM) and Environmental Regulatory Penalties (ERP) have negative coefficients (β = -0.1583 and -0.1296), indicating that non-compliance incurs financial costs, with FPWM significant at the 5% level and ERP marginally significant at 10%. The constant term is large and significant, capturing fixed effects not explained by the variables. Model diagnostics confirm the validity of the estimation: the Hansen J test indicates that the instruments are valid (p = 0.493), and while the Arellano-Bond AR(1) test detects first-order autocorrelation (p = 0.0059), the absence of second-order autocorrelation (p = 0.2216) supports the model's reliability. Overall, the results strongly suggest that environmental investment leads to improved firm performance, while environmental penalties hinder it, validating the economic incentive for sustainability.
Table 5: GMM Estimation Results for the Impact of Environmental Factors on ROA
	Variables
	GMM Coefficient
	Std. Error
	z-Statistic
	p-value
	Significance

	L.ROA
	0.3154
	0.0947
	3.33
	0.0009
	***

	WME
	0.5287
	0.1215
	4.35
	0.0000
	***

	CIWTF
	0.3716
	0.1398
	2.66
	0.0078
	***

	FPWM
	-0.1583
	0.0734
	-2.16
	0.0309
	**

	PCE
	0.2241
	0.0950
	2.36
	0.0183
	**

	CEPC
	0.3064
	0.1041
	2.94
	0.0033
	***

	ERP
	-0.1296
	0.0682
	-1.90
	0.0577
	*

	Constant
	8.9274
	1.7389
	5.13
	0.0000
	***


Model Diagnostics:
	Test
	Statistic
	p-value
	Conclusion

	Hansen J Test (overid. restr.)
	χ²(13) = 12.481
	0.493
	Instruments are valid

	Arellano-Bond AR(1) Test
	z = -2.754
	0.0059
	First-order serial correlation

	Arellano-Bond AR(2) Test
	z = -1.221
	0.2216
	No second-order serial correlation

	Instruments count
	26
	—
	Acceptable

	Observations
	150
	—
	—

	Number of groups (entities)
	14
	—
	—


Source: Researchers’ Computation (2026)



Analysis of Effect of Green accounting practice on ROA
Analysis in Table 6 presents the results of multiple regression estimations OLS, Fixed Effects (FE), Random Effects (RE), and Feasible Generalized Least Squares (FGLS) assessing the impact of green accounting practice proxies on firms’ financial performance, measured by Return on Assets (ROA). Across all four models, Waste Management Expenditure (WME) and Capital Investment in Waste Treatment Facilities (CIWTF) exhibit strong, positive, and statistically significant effects on ROA at the 1% level, affirming that direct environmental investments enhance profitability. Similarly, Pollution Control Expenditure (PCE) and Capital Expenditure on Pollution Control Equipment (CEPC) are consistently positive and significant, emphasizing the financial value of proactive pollution control. On the other hand, Fines and Penalties for Waste Mismanagement (FPWM) and Environmental Regulatory Penalties (ERP) negatively impact ROA in all models, with FPWM significant at the 5% level and ERP mostly at the 5–10% range, suggesting that non-compliance with environmental standards incurs measurable financial losses. The fixed effects model (R² = 0.6894) shows the best explanatory power, aligning with the earlier Hausman test preference. Overall, the analysis supports the conclusion that transparent and responsible environmental accounting practices, particularly capital and operational expenditures aimed at environmental sustainability, contribute positively to financial outcomes, whereas poor environmental compliance diminishes profitability.
Table 6: Effect of Green accounting practice on ROA
	Variables
	OLS
	FE
	RE
	FGLS

	WME
	0.6324***
	0.6893***
	0.6482***
	0.6715***

	CIWTF
	0.4876***
	0.5391***
	0.5134***
	0.5287***

	FPWM
	-0.2184**
	-0.1943*
	-0.2013*
	-0.2127**

	PCE
	0.1984**
	0.1743*
	0.1831*
	0.2012**

	CEPC
	0.3562***
	0.3317***
	0.3684***
	0.3498***

	ERP
	-0.1087**
	-0.1203**
	-0.1026*
	-0.1161**

	Constant
	9.8274***
	10.2941***
	10.0056***
	10.1387***

	Observations
	150
	150
	150
	150

	R-squared
	0.6537
	0.6894
	0.6778
	

	Adj. R-sq
	0.6503
	0.6850
	0.6759
	


Source: Researchers’ Computation (2026).

Hausman Test 
The Hausman specification test, as shown in Table 7, evaluates whether the fixed effects (FE) or random effects (RE) model is more suitable for analyzing the impact of green accounting  practices on ROA. The test yields a Chi-square statistic of 12.786 with 6 degrees of freedom and a p-value of 0.0461. Since the p-value is less than the 5% significance level, we reject the null hypothesis (H₀), which assumes that the random effects model is appropriate. Consequently, the test supports the fixed effects model as the more consistent and efficient estimator. This implies that unobserved heterogeneity across firms—such as internal environmental policies or industry-specific characteristics—is correlated with the explanatory variables and must be accounted for. Therefore, the fixed effects model is preferred for drawing reliable conclusions about how green accounting practices affect firm profitability.
Table 7: Hausman Test Result
	Test Summary
	Chi-Square Statistic
	Degrees of Freedom
	p-value
	Decision
	Conclusion

	Hausman Test
	12.786
	6
	0.0461
	Reject H₀
	Fixed Effects Model is appropriate


Diagnostic Tests
Analysis in table 8 presents the results of several post-estimation diagnostic tests conducted to assess the validity and robustness of the fixed effects regression model. The Hausman Specification Test confirms the appropriateness of the fixed effects model over the random effects model (χ² = 12.786, p = 0.0461), ensuring consistency in the presence of correlated individual effects. The Variance Inflation Factor (VIF) test shows a mean VIF of 2.18, well below the threshold of 10, indicating no multicollinearity and thus reliable coefficient estimates. The Wooldridge Test for Autocorrelation in Panel Data yields a p-value of 0.1794, leading to the non-rejection of the null hypothesis, suggesting that first-order serial correlation is absent. However, the Modified Wald Test for GroupWise Heteroskedasticity produces a significant result (χ² = 15.683, p = 0.0036), indicating the presence of heteroskedasticity; as a result, robust standard errors should be applied to ensure valid statistical inference. Lastly, the Pesaran CD Test for cross-sectional dependence reports a non-significant result (p = 0.354), implying that residuals are not correlated across firms, which supports the model’s reliability. Overall, the diagnostics affirm that while the fixed effects model is appropriate and free from multicollinearity, autocorrelation, and cross-sectional dependence, heteroskedasticity must be addressed through robust estimation techniques.








Table 8: Diagnostic Tests
	Test Description
	Test Applied
	Test Statistic
	p-value
	Decision
	Implication

	Model Selection Test
	Hausman Specification Test
	χ² = 12.786
	0.0461
	Reject H₀
	Fixed Effects Model preferred

	Multicollinearity
	Variance Inflation Factor (VIF)
	Mean VIF = 2.18
	-
	No multicollinearity
	Acceptable levels (all VIFs < 10)

	Serial Correlation
	Wooldridge Test for Autocorrelation in Panel Data
	F(1, 68) = 1.842
	0.1794
	Do not reject H₀
	No first-order autocorrelation

	Heteroskedasticity
	Modified Wald Test
	χ² = 15.683
	0.0036
	Reject H₀
	Presence of heteroskedasticity, robust SE suggested

	Cross-sectional Dependence
	Pesaran CD Test
	z = 0.925
	0.354
	Do not reject H₀
	No cross-sectional dependence


Source: Researchers’ Computation (2026).

Discussion 
The findings of this study show that green accounting practices significantly influence the financial performance of listed manufacturing firms in Nigeria, particularly through environmental waste management and pollution control practices. The results indicate that firms that proactively invest in and disclose waste management initiatives experience improved financial outcomes. Waste Management Expenditure (WME) and Capital Investment in Waste Treatment Facilities (CIWTF) both demonstrated positive and statistically significant effects on Return on Assets (ROA), suggesting that investments in waste management enhance operational efficiency, regulatory compliance, and corporate reputation. Similarly, environmental pollution control practices were found to positively affect financial performance. Pollution Control Expenditure (PCE) and Capital Expenditure on Pollution Control Equipment (CEPC) showed significant positive relationships with ROA, indicating that firms investing in pollution mitigation benefit financially through reduced environmental risks and improved stakeholder confidence. Conversely, reactive environmental behavior reflected through regulatory fines and penalties negatively affected firm performance. Fines and Penalties for Waste Mismanagement (FPWM) and Environmental Regulatory Penalties (ERP) were found to reduce ROA, highlighting that delayed compliance and regulatory violations impose financial costs through penalties, reputational damage, and higher operational expenses. This contrast suggests that proactive environmental investments provide financial advantages, whereas reactive responses to environmental regulations undermine profitability.
Overall, the findings confirm that green accounting practices positively influence firm performance and highlight the strategic importance of environmental accountability in the Nigerian manufacturing sector. Firms that proactively integrate environmental investments into their operations are more likely to achieve regulatory compliance and long-term financial sustainability. These results are consistent with prior studies such as Alabi et. al.  (2024), Tong, et. al.  (2022), Chukka et.al (2024): Indriastuti et.al (2023) which emphasize the financial benefits of proactive environmental practices. The findings also support stakeholder and legitimacy theories, which argue that responsible environmental practices enhance stakeholder trust, maintain organizational legitimacy, and improve financial performance.
However, the study is subject to certain limitations. Specifically, the sample size was limited to ten (10) manufacturing firms out of the sixty-five (65) firms listed on the Nigerian Exchange Group (NGX). This restriction arose due to issues of accessibility and the availability of complete and uninterrupted financial and environmental data over the fifteen-year period (2011–2025). Many listed firms did not consistently disclose environmental-related expenditures or lacked comprehensive financial records for the entire study period, which made their inclusion impractical for panel analysis. Although the selected firms provided reliable longitudinal data suitable for robust econometric analysis. 
5. Conclusion and Recommendations
The study concludes that strategic investments in environmental sustainability significantly enhance the financial performance of listed manufacturing firms. Empirical evidence indicates that expenditures on waste management and capital investments in waste treatment facilities exert positive and statistically significant effects on Return on Assets (ROA). Likewise, pollution control expenditure and capital investment in pollution control equipment demonstrate a positive association with firm profitability. These findings affirm that proactive environmental practices extend beyond regulatory compliance and function as value-creating strategic assets that strengthen operational efficiency and long-term financial outcomes. In light of these conclusions, the following recommendations are proposed:
I. Regulatory bodies such as the Financial Reporting Council of Nigeria (FRCN) and the Securities and Exchange Commission (SEC) should establish and enforce mandatory guidelines for environmental accounting  practices, as clear standards to enhance  consistency, transparency, and comparability across firms.
II. Manufacturing companies should integrate environmental considerations into their strategic planning by prioritizing sustainable investments in waste management and pollution control, as these have been empirically shown to improve financial performance.
III. Government and financial institutions should provide tax reliefs, subsidies, or low-interest financing options to firms that invest in environmentally friendly technologies and infrastructure, thereby encouraging wider adoption of green practices.
IV. Companies should actively communicate their environmental initiatives and performance to stakeholders, including investors and the public, to build trust, improve corporate image, and attract sustainability-oriented capital.
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